The effects of zinc and aprotinin on fracture healing in experimentally induced fractures were investigated by means of histometric analyses and alkaline phosphatase histochemistry. Healthy 54 adult New Zealand White female rabbits were separated into three groups as control, zinc, and aprotinin treatment. The control animals did not receive any medicament; zinc sulphate was given orally to the rabbits in the Zn group for 15 days. Aprotinin was postoperatively infiltrated into the fracture area at the 3 rd and 24 th h following operation. Immobilization of fracture ends of all groups was similar throughout the experiment. The zinc administered group displayed the highest alkaline phosphatase positive cell level through the experiment. By day 30 after the operation, fibrocartilage and osseous tissues reached the highest levels in the zinc treated group. Based on the observation of augmented osseous tissue formation and increased alkaline phosphatase positive osteoblastic cell activity in the callus, it was conluded that Zn sulphate is a potent stimulator of bone formation by increasing mineralization in the fractured bone segments.
Fracture healing is a complex process including new bone production and is closely related to bone metabolism. The metalloenzyme known as alkaline phosphatase (ALP) increases the local concentrations of inorganic phosphates by catalysing the hydrolysis of phosphomonoesters (Golub and Boesze-Battaglia 2007) . Alkaline phosphatase is an ectoenzyme, which is either attached to the exterior face of the plasma membrane or released in the matrix vesicles rising by budding from the plasma membrane of osteoblasts, chondrocytes, odontoblasts, and cementoblasts. The high expression of ALP in calcifying tissues and the low expression or even absence in hypophosphatasia evidence the substantial functions of ALP in biomineralization. Phosphatidylserin-rich membranes attract annexins and permit them to form calcium channels, facilitating the entry of Ca +2 into matrix vesicles for crystal formation (Kirsch et al. 2000) .
Zinc is an essential metal in humans and plays catalytic, structural, and regulatory roles in the biological system; it is therefore required in all living organisms for normal growth and development (Rucker et al. 2008) . Since zinc effectively stimulates bone growth and mineralization (Merialdi et al. 2004 ), the metal is abundant in bone tissue and is needed to maintain bone mineral density and bone metabolism (Diamonde and Hurley 1970) . The organic matrix proteins of the bone require adequate amounts of zinc for optimal function. Zinc acts as a cofactor for osteoblastic activity during bone formation and is required for maintaining peak bone mineral density and reducing the risk of fracture. Zinc may act as a local regulator of bone cell formation by stimulating the osteoblastic cell proliferation and differentiation, and also inhibiting osteoclast differentiation (Molokwu and Li 2006) . Moreover, zinc functions as a metal component of ALP that plays a key role in the formation of new bone. Alkaline phosphatase contains 4 zinc atoms per molecule, 2 of which are essential for the enzyme's activity (Parisi and Vallee 1969) . As ALP-bound zinc is essential for the enzymatic activity of ALP (Molokwu and Li 2006) , the activity of the enzyme decreases with zinc deficiency (Underwood 1977) . Therefore, ALP is reported to be a potent stimulator of bone formation (Yamaguchi et al. 2000) . Osteoblast and chondrocyte numbers are reduced in Zn deficiencies (Diamonde and Hurley 1970) . Moonga and Dempster (1995) reported that Zn increases the osteoblastic cell activity; in contrast, it decreases osteoclastic activity. Increased ALP activity and collagenesis were found in the rat femur with a Zn supplemented diet (Yamaguchi and Takahashi 1987) . Wey et al. (2014) theorized that zinc chloride (ZnCl 2 ) can be used as a novel orthobiologic bone-healing adjunct.
Aprotinin, as a proteinase inhibitor, inhibits fibrinolysis and protein catabolism as a polyvalent enzyme inhibitor complex, leading to the activation and acceleration of tissue repair (Akın 1980) . Moreover, bone formation during fracture repair inevitably initiates within or around extra vascular deposits of a fibrin-rich matrix. In addition to a central role in haemostasis, fibrin also enhances bone repair by supporting migration of inflammatory and mesenchymal progenitor cells into the zone of injury. However, failure in removing fibrin from the fracture site severely impairs fracture vascularisation, precludes bone union, and results in robust heterotopic ossification (Yuasa et al. 2015) .
The aim of this study was to investigate the osteoblastic activity in both Zn and aprotinin treated groups by means of identifying ALP-positive osteoblastic cell activity, tissue types, and morphometry of callus.
Materials and Methods

Animals and groups
This experimental project was approved by the Animal Use Committee of the University of Selcuk and all the animals were treated in accordance with the national or local animal welfare legislation which is based on the European Council Directive. A total of 54 healthy female adult New Zealand White rabbits were used in this study. All the rabbits were fed with standard feed and had free access to water throughout the experiment. The rabbits were divided into 3 groups of equal numbers as control, Zn and aprotinin treatment groups. The acclimation period prior to surgery was one week for all the rabbits.
Surgical procedure
A transverse osteotomy was done on the left ulna on the level of spatium interosseum antebrachium, under halothane (Halothan, Aventis Pharma, İstanbul, Turkey) anaesthesia using aseptic technique and taking adequate precautions the whole time in all rabbits. The operated legs were bandaged for the first week for protection from wound contamination in all groups. All rabbits were administered 3 mg/kg ketoprofen (Arveles amp., I.E. UlagayMenarini Pharma, İstanbul, Turkey) intramuscularly every 12 h after surgery for 24 h and as needed thereafter to control pain and discomfort, and the antibiotic (30 mg/kg trimethoprim-sulphamethoxazole, Bactrim syrup, Roche, İstanbul, Turkey) orally post operation.
The animals in the control group did not receive any medication effective on bone metabolism. Rabbits in the Zn group received 100 mg/kg of Zn sulphate orally for 15 days. To make sure that the rabbits received the correct amount, Zn sulphate capsules (Zinco 220, Berko, Turkey) were dissolved in drinking water and administered by a nasogastric tube. In the aprotinin group, 25.000 IU of aprotinin (Trasylol, Bayer, İstanbul,Turkey) were injected postoperatively under sterile conditions (Bakhshi et al. 2013) into the fracture zone of the animals, two times only, at 3 and 24 h following operation.
Histology
Six rabbits from each group were euthanized by overdose of pentobarbital (Pentothal Sodium, Abbott Corporation, Turkey) at 15, 21 and 30 days of the postoperative period. The ulna was totally removed and the soft tissues were dissected. From the bone samples of day 15, a segmental unit of callus (2 × 2 mm callus area) was harvested and fixed at +4 °C in formal calcium for 24 h, and then kept in Holt's solution for additional 24 h. From the tissue samples, 12 µm thick frozen sections were taken using the cryostat (Slee Corporation, London/ UK). Enzyme histochemical reaction was ascertained on the sections by a modified simultaneous azo-coupling method (Yoshiki et al. 1972) . The sections were counterstained with methyl green nuclear stain and mounted with Kaiser's glycerol jelly.
The remaining tissue samples of day 15 and the samples of days 21 and 30 were fixed in the periodate-lysineparaformaldehyde (PLP) fixative (McLean and Nakane 1974) , decalcified in an EDTA-G solution (M o r i et al. 1988 ) and embedded in paraffin for histochemical demonstration of ALP (Yoshiki et al. 1972) , and trichrome stain (Bancroft 1992) . All specimens were examined under the Nikon Eclipse E-400 light microscope (Nikon Corporation, Japan). Total areas of connective tissue, fibrocartilage tissue, osseous tissue, porous regions, and blood vessels on each frame were determined on digital images by using an image analysis program (BS200 PRO, BAB Soft, Turkey). From the data, relative value for each indicator was calculated and expressed as percentage of the total image area. The number of ALP positive osteoblastic cells on 1.3 × 10 6 µm 2 tissue area was determined on each callus area of the rabbits.
Statistics
Statistical analyses were performed using the Standard Computer Program (SPSS version 15.0, SPSS, Chicago, IL, USA). The ALP positive osteoblastic cell scores of the groups were statistically analyzed with ANOVA. Wilcoxon test was used to evaluate the scores of connective tissue, fibrocartilage tissue, osseous tissue, porous regions and blood vessels in the callus of the groups. The significance of the differences between the mean scores of the groups was determined. Values at P < 0.05 were considered significant.
Results
No systemic disturbances attributable to the operation and used medicaments were observed in the animals throughout the experiment. Macroscopic evaluation of the callus revealed no difference between the three groups.
In the ALP demonstrated specimens, the presence of pinkish-red coloured reaction product in the cytoplasm and at the cell border was regarded as positive for ALP (Plate IV, Figs 1-2, Plate V, Fig 3) .The ALP positive cell levels (cell number/1.3 × 10 6 µm 2 tissue area) gradually increased in the callus area of all groups. The zinc administered group had significantly higher (P < 0.05) levels of ALP positive cells throughout the experiment, followed by the aprotinin group (Fig. 4) .
At 15 days of the postoperative period, the connective tissue level was higher in both the control and aprotinin group compared to the zinc treated group (Fig 5) in the zinc treated group (P < 0.05). However, the osseous tissue and vascular area ratios of the zinc and aprotinin treated groups were quite similar (P > 0.05).
By day 21 after the operation, the highest connective tissue ratio (P < 0.05) was found in the control group. Fibrocartilage and osseous tissues reached the highest levels in the zinc treated group. The control and aprotinin administered groups had similar rates of fibrocartilage and osseous tissues (P > 0.05). The vascular area of the groups had similar levels (P > 0.05) at this period of the experiment (Fig. 9) .
On the postoperative day 30, connective tissue and vascular area rates of the control group were higher than the zinc and aprotinin administered groups (Fig. 10) . The zinc treated group had the highest fibrocartilage and osseous tissues (P < 0.05).
Discussion
In our study, the fractured regions in all groups displayed similar macroscopic findings. Repair of bone fracture takes place with the formation of newly developing osseous tissue via complex histological and biochemical mechanisms. During fracture healing, three main steps take place, namely, the production of the extracellular organic matrix, the mineralization of the matrix to form bone, and bone remodelling by resorption and deposition (Molokwu and Li 2006) . The cellular activities of osteoblasts, osteocytes and osteoclasts are necessary for this process. Zinc plays a crucial role in every step of bone metabolism. It is known to play a key role in regulating cellular activity by acting as a cofactor and stimulating protein synthesis needed for collagen formation. Collagen comprises 90% to 95% of the organic matrix of bone and forms the structural framework around which mineralization occurs (Lowe et al. 2002) .
Some factors as markers of bone metabolism have a role in the formation or destruction of bone. One of the most important of these factors is ALP and the number of ALP synthesizing cells in the callus (Price et al. 1980; Bowles et al.1996; Kent 1997 ). Alkaline phosphatase is necessary for bone production and mineralization (Fallon et al. 1980; Yoon et al. 1989 ) and produced mainly during the fracture healing by osteoblasts (Moss 1992 ). In the current study, ALP positive cells were seen in the callus in all groups, and their level was higher in the zinc treated group throughout the experiment compared to the other groups. Alkaline phosphatase is a Zn-containing metalloenzyme, which is present on the osteoblast surface and activated by Zn (Moss 1992; Dimai et al. 1998) .
Recent investigations have shed new light on the mechanism of ALP action on mineralization. As more has been learned about the biology of hard tissues and mineral metabolism, the role of ALP as a marker of osteogenic activity has been consistently solidified (Golub and Boesze-Battaglia 2007) . Bone ALP enzyme has been regarded as one of the most important markers of bone formation (Price et al. 1980; Fallon et al. 1980; Yoon et al. 1989; Bowles et al. 1996; Kent 1997) . Thus, the increase in ALP expression is assumed to be a reliable indication of increased activities of the osteoblastic, chondrocytic or odontoblastic cells (Golub and Boesze-Battaglia 2007) . Alkaline phosphatase has become the marker of choice when assessing the phenotype or developmental maturity of mineralized tissue cells. Golub and Boesze-Battaglia (2007) have suggested that ALP expression declines at later phases of fracture healing, thus ALP must function in the initial phases of the mineralization process. Nevertheless, in our study, ALP positive cell levels tended to increase regularly at later stages of fracture healing. Although this inconsistency needs to be clarified, the difference might have arisen from the increase of both the fibrocartilage tissue rate in the callus and the relative number of ALP positive cells in the fibrocartilage.
In a previous experiment, Volpin et al. (1986) reported that calcification of the fibrocartilaginous callus takes place within and around extracellular matrix vesicles which are formed by budding from the cytoplasmic processes of early hypertrophic cartilage cells. The researchers (Volpin et al. 1986 ) observed ALP activity around the plasma membrane of chondrocytes, during successive stages of differentiation and development of the cartilaginous callus. In the present study, ALP activity was observed both in the cytoplasm of osteoblastic cells and at the cell borders at light microscopic level. This finding might show the functional association between ALP activity and calcification mediated by extracellular matrix vesicles during the process of experimental fracture healing.
Zinc is an essential, relatively nontoxic trace element and component of many enzymes, effective in a variety of metabolic functions. Toxicity occurs when received at × 50 higher dose than the recommended daily dose (Rucker et al. 2008 ). In our study, medication of rabbits with 100 mg/kg Zn sulphate orally by a stomach tube showed no toxic effect throughout the experiment. Previously, researchers have reported that Zn increases the ALP activity during fracture healing (Igarashi and Yamaguchi 1999a; Igarashi and Yamaguchi 1999b) . Alkaline phosphatase positive osteoblastic cell level of the zinc treated group tended to be significantly (P < 0.05) higher compared to those of the control and aprotinin administered groups. This finding might be the evidence of the relation between Zn and the role of ALP in mineralization of the callus. Molecular studies have revealed that Zn induces an increase in ALP-related DNA synthesis resulting in stimulation of bone growth (Hassan et al. 2007 ). In addition to its direct stimulatory effect on ALP and osteocalcin (Ketteler and Giachelli 2006) , Zn promotes bone mineralization as a cofactor in alkaline phosphatase (Towler et al. 2006) . Zinc also regulates the activity of cells involved in the formation of the bony framework by increasing the synthesis of growth factors such as insulin like growth factor-1 (IGF-1) and the effect on target tissues.
Previously, researchers demonstrated the augmenting effect of Zn at high doses on the femoral diaphyseal fracture healing in rats with measurements of Zn and ALP levels in the fractured callus zone (Igarashi and Yamaguchi 1999a; Igarashi and Yamaguchi 1999b) . The observation of high percentages of fibrocartilage in the Zn group compared to the control and aprotinin groups evidences the efficacy of Zn on fibroblast and chondrocyte activities, and is consistent with the findings of previous studies (Igarashi and Yamaguchi 1999a; Igarashi and Yamaguchi 1999b ). In the current study, the significant (P < 0.05) increase of bone formation in favour of the Zn group compared to the control and aprotinin groups underlines the importance of Zn as a potent stimulator of bone production, which is in agreement with previous reports Yamaguchi et al. 2000) . Since Zn is required for osteoblastic activity, it has multiple important functions in the bone development, formation, and metabolism (Golub and Boesze-Battaglia 2007) .
As an anti-fibrinolytic agent a proteinase inhibitor, aprotinin inhibits protein degradation and leads to the activation and acceleration of tissue repair (Akın 1980) . It also plays an essential role at a relatively early period of healing. Thus, failure in removing fibrin from the fracture site severely impairs fracture vascularisation, precludes bone union, and results in robust heterotopic ossification (Yuasa et al. 2015) . In the present study, osseous tissue and vascular area ratios of the zinc and aprotinin administered groups were similar and higher than that of the control group on day 15 of the experiment. By day 21 after operation, the control and aprotinin administered groups had similar rates of fibrocartilage and osseous tissues and vascular area. On the postoperative day 30, the zinc and aprotinin treated groups had similar fibrocartilage rates. Previous studies suggested that fibrin is not essential for fracture repair, and indeed, fibrin must be timely and effectively removed to allow fracture vascularisation and repair (Yuasa et al. 2015) . Moreover, inefficient fibrinolysis decreases endochondral angiogenesis and ossification, thereby inhibiting fracture repair. Since impaired angiogenesis is hypothesized to be a primary cause of delayed union or non-union, persistent or excessive fibrin deposition at the fracture site might cause impaired fracture angiogenesis and subsequent delayed union or non-union in these conditions (Willigendael et al. 2004) .
The results of the present experiment revealed that osseous tissue rates and ALP positive osteoblastic cell levels were significantly (P < 0.05) increased in the callus of Zn treated group. In conclusion, Zn is as a potent stimulator of bone formation by increasing mineralization via augmenting the ALP activity in the fractured bone segments. In the current study, Zn sulphate was experimentally administered by a nasogastric tube. Nevertheless, this administration route may not be practical in the clinical use. For this reason, further studies evaluating positive effects of different Zn compounds on fracture healing are necessary. Moreover, a practical administration route of the most active compound should be developed before use in clinical practise. 
